Award  Number:  DAMD17-00-1-0162 


AD. 


TITLE:  Compartmentalized  Signaling  and  Breast  Cancer  Cell 

Proliferation 


PRINCIPAL  INVESTIGATOR:  Hamid  Band,  Ph.D.,  M.D. 


CONTRACTING  ORGANIZATION:  Brigham  &  Women's  Hospital 

Boston,  Massachusetts  02115 


REPORT  DATE:  July  2003 


TYPE  OF  REPORT:  Final 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 

_ 

Form  Approved 

OMB  No.  074-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 

the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway.  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503 

7.  AGENCY  USE  ONLY 
f Leave  blank ) 

2.  REPORT  DATE 

July  2003 

3.  REPORT  TYPE  AND  DA TES  COVERED 

Final  (1  Jul  2000  -  30  Jun  2003) 

4.  TITLE  AND  SUBTITLE 

Compartmentalized  Signaling  and  Breast  Cancer  Cell 

5.  FUNDING  NUMBERS 

DAMD17 -00-1-0162 

Proliferation 


6.  AUTHOR(S) 

Hamid  Band,  Ph.D.,  M.D. 


7.  PERFORMING  ORGANIZA  T/ON  NAMEfSJ  AND  ADDRESSfES) 

Brigham  &  Women's  Hospital 
Boston,  Massachusetts  02115 


E-Mail:  hband@rics  .  bwh .  harvard .  edu 


8.  PERFORMING  ORGANIZA  T/ON 
REPORT  NUMBER 


9.  SPONSORING  /  MONITORING 

AGENCY  NAMEfS )  AND  ADDRESSfES ) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


7  7.  SUPPLEMENTARY  NOTES 

Original  contains  color  plates:  All  DTIC  reproductions  will  be  in  black  and  white. 

12a.  DISTRIBUTION  /  A  VA/LAB/L/TY  STA  TEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  Words ) 

This  proposal  will  test  a  unique  hypothesis  that  Src-family  kinases  direct  the  ErbB 
receptor  traffic  into  an  intracellular  compartment  where  proliferation  signals  are 
generated.  This  hypothesis  is  based  on  observations  that  while  Cbl  proto-oncoprotein 
facilitates  the  down- regulation  of  ErbB  receptors  from  cell  surface  and  functions  as  a 
negative  regulator,  Src  tyrosine  kinase  enhances  paradoxically  enhance  both  the 
internalization  of  EGFR  and  the  EGFR-mediated  mitogenic  signals.  The  proposed  studies 
will  test  this  hypothesis  using  mammary  epithelial  cells  made  to  overexpress  EGFR  or  ErbB2 
together  with  Src.  The  insights  gained  from  this  model  system  will  be  directly  relevant 
to  a  large  proportion  of  breast  cancers  where  ErbB  receptors  and  Src-family  kinases  are 
co-overexpressed.  Validation  of  our  hypothesis  will  represent  a  shift  in  the  current 
paradigm  of  normal  and  aberrant  ErbB  receptor  signaling  and  may  provide  novel  targets  for 
therapeutic  intervention  relevant  to  ErbB-overexpressing  breast  cancers,  which  carry  a 
significantly  worse  prognosis  and  are  frequently  hormone-unresponsive. 


74.  SUBJECT  TERMS 

Breast  cancer,  ErbB  receptors,  signal  transduction,  tyrosine  kinases 


75.  NUMBER  OF  PAGES 

15 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


20.  LIMITATION  OF  ABSTRACT 


Unlimited 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


Table  of  Contents 


Cover . Page  1 

SF  298 . Page  2 

Table  of  Contents . Page  3 

Introduction .  Page  4 

Body . Page  4-5 

Key  Research  Accomplishments . Page  5-6 

Reportable  Outcomes . Page  6 

Conclusions .  Page  6-7 

References .  Page  7 

Appendices . Page  8-15 


Introduction: 

This  application  proposes  to  test  a  unique  hypothesis  that  Src-family  kinases  direct  the 
ErbB  receptor  traffic  to  recycling  endosomal  compartment,  where  proliferation  signals  are 
generated  from  the  internalized  pool  of  the  activated  ErbB  receptor  tyrosine  kinases.  This 
hypothesis  is  based  on  previous  observations  that  the  potency  of  mitogenic  signals  emanating 
from  ErbB  receptors  correlates  directly  with  the  ability  of  these  receptors  to  avoid  the  lysosomal 
pathway  of  degradation  and  to  be  sorted  into  the  recycling  pathway  instead.  For  example,  ErbB  1 
(EGFR)  is  targeted  to  lysosomal  as  well  as  recycling  pathways,  whereas  the  more  potent  ErbB2 
receptor  is  primarily  recycled.  Work  in  our  laboratory  has  defined  the  Cbl  proto-oncoprotein  as  a 
novel  regulator  of  this  process.  Cbl  enhances  the  delivery  of  ErbB  1  into  the  lysosomal  pathway. 
In  contrast,  Cbl  does  not  interact  efficiently  with  ErbB2,  which  is  primarily  recycled. 
Paradoxically,  Src  tyrosine  kinase  enhances  the  EGFR  internalization  while  at  the  same  time 
enhancing  the  EGFR-mediated  mitogenic  signals.  This  led  us  to  hypothesize  that  Src  directs 
ErbB  receptors  away  from  lysosomes  and  into  a  recycling  endosomal  compartment  where  these 
receptors  continue  to  transmit  proliferation  signals.  The  proposed  studies  are  designed  to  test 
this  hypothesis  using  mammary  epithelial  cells  made  to  over-express  EGFR  or  ErbB2  together 
with  Src.  This  model  system  will  provide  insights  directly  relevant  to  a  large  proportion  of 
breast  cancers  where  ErbB  receptors  and  Src-family  kinases  are  co-over-expressed.  Validation 
of  our  hypothesis  will  represent  a  shift  in  the  current  paradigm  of  normal  and  aberrant  ErbB 
receptor  signaling  and  may  provide  novel  targets  for  therapeutic  intervention  relevant  to  ErbB- 
over-expressing  breast  cancers,  which  carry  a  significantly  worse  prognosis  and  are  frequently 
hormone-unresponsive. 

Body  of  Report: 

Studies  carried  out  in  the  course  of  this  grant  have  led  to  the  initial  validation  of  our 
hypothesis  that  co-overexpression  of  Src  enhances  signaling  through  EGF  receptor  and  have 
provided  a  series  of  novel  cellular  reagents  to  determine  the  molecular  determinants  of  the  Src- 
EGFR  interactions  within  the  endosomal  compartment. 

Despite  numerous  technical  hurdles  reported  in  earlier  reports,  we  successfully  generated 
retroviral  expression  vectors  for  co-expression  of  ErbB2  or  EGFR  with  Src,  using  a  combination 
of  pMSCV-puro  based  EGFR  or  ErbB2  constructs  together  with  pMSCV-hygro-Src.  Using  these 
vectors,  we  successfully  established  three  distinct  series  of  human  mammary  epithelial  cell  lines 
that  over-express  EGFR,  ErbB2,  Src,  EGFR  plus  Src  or  ErbB2  plus  Src:  16A5  (E6/E7- 
immortalized)  and  76N-TERT  (hTERT  catalytic  subunit  immortalized)  both  derived  from  76N 
cell  strain  with  basal  cell  characteristics;  M2-E6E7,  an  HPV  E6/E7-immortalized  derivative  of  a 
M2  milk  cell  strain  M2,  representing  luminal  mammary  epithelial  cells. 

We  used  the  soft  agar  growth  assay  to  assess  the  impact  of  EGFR  or  ErbB2  over¬ 
expression,  with  and  without  Src,  on  the  anchorage- independent  growth,  a  reflection  of 
oncogenic  transformation  of  mammary  epithelial  cells  (Ref  #1).  Indeed,  the  over-expression  of 
EGFR  or  ErbB2  led  to  colony  formation  in  soft  agar;  this  was  further  increased  when  Src  was 
also  over-expressed  (reported  earlier). 
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A  prediction  of  our  hypothesis  that  overexpression  of  Src,  which  is  known  to  increase  the 
rate  of  endocytosis  of  EGFR  (Reference  #  2),  will  increase  the  intracellular  pool  of  EGFR 
compared  to  the  pool  on  the  cell  surface,  but  will  not  enhance  the  rate  of  degradation.  We  have 
tested  these  predictions  in  the  following  studies.  When  we  compared  the  levels  of  EGFR  on  the 
cell  surface  using  immunostaining  with  anti-EGFR  antibody  followed  by  FACS  analysis, 
mammary  epithelial  cell  lines  co-overexpressing  the  EGFR  and  Src  showed  substantially  lower 
levels  of  surface  EGFR  compared  to  their  parental  cell  lines  with  EGFR  overexpression  alone 
(Fig.  1).  Notably,  however,  the  total  cellular  pools  of  EGFR  as  assessed  by  immunoblotting  of 
cell  lysates  in  EGFR  overexpression  and  EGFR+Src  overexpressing  mammary  epithelial  cell 
lines  were  identical  (Fig.  2).  A  clear  conclusion  from  these  results  is  that  overexpression  of  Src 
leads  to  a  shift  of  surface  EGFR  into  an  intracellular  pool,  located  in  the  endosomes. 
Furthermore,  we  carried  out  immunoblotting  analyses  to  demonstrate  that  Src  overexpression, 
which  leads  to  a  shift  of  EGFR  from  a  cell  surface  pool  to  an  intracellular  pool,  did  not  affect  the 
rate  at  which  ligand-induced  degradation  of  EGFR  took  place  (Fig.  3).  Based  on  these  studies, 
our  current  efforts  are  directed  at  establishing  that  the  internal  pool  of  EGFR  and  Src  colocalize 
in  the  recycling  endosomal  compartment.  For  this  purpose,  we  have  established  the 
methodology  to  identify  the  recycling  endosomal  compartment  using  the  accumulation  of 
fluorescent  tagged  transferrin  (Reference  #  3)  and  fluorescent  EHD  proteins  (Reference  #  4) 

(Fig.  4).  Notably,  EHD  proteins  have  also  emerged  as  candidates  that  could  regulate  the  traffic 
of  ErbB  receptors  into  and  out  of  the  recycling  endosomal  compartment  (Reference  #  4-6)  and 
analyses  of  these  proteins  in  the  context  of  ErbB  receptors  has  emerged  as  a  new  direction  of  the 
current  research.  Accordingly,  we  have  established  GFP  and  myc  epitope  tagged  versions  of  all 
four  human  EHD  proteins,  have  generated  mutants  of  these  proteins  that  are  likely  to  disrupt 
their  cellular  function  and  have  obtained  antibodies  (through  an  outside  vendor)  that  are  specific 
for  each  member  of  the  family.  Initial  analyses  (Fig.  5)  confirm  the  colocalization  of  GFP- 
tagged  EHD  proteins  with  fluorescent  transferrin,  which  is  known  to  traverse  the  recycling 
compartment  (Reference  #  4-6).  Overall,  studies  proposed  under  this  grant  have  validated  the 
basic  hypothesis  of  the  grant  proposal  and  have  given  rise  to  two  new  scientific  directions  in  the 
laboratory  to  investigate  the  role  of  endosomal  signaling  from  ErbB  receptors.  One  of  the 
directions  has  been  submitted  to  the  NCI  and  approved  for  funding  over  a  five-year  period 
beginning  7/1/2004.  The  second  direction  on  the  role  of  EHD  proteins  in  ErbB  receptor 
signaling  and  traffic  are  expected  to  be  submitted  for  NCI  or  other  extramural  support  in  the  near 
future. 


Key  Research  Accomplishments: 

Generated  three  distinct  sets  of  mammary  epithelial  cells  (16A5,  76N-TERT 
and  M2-E6E7)  with  over-expression  of  EGFR,  ErbB2,  Src,  EGFR+Src  or 
ErbB2+Src. 

Established  the  relative  over-expression  of  EGFR,  ErbB2  and  Src  in 
transfected  cells. 

Provided  evidence  that  over-expression  of  EGFR  plus  Src  or  ErbB2  plus  Src 
enhances  the  growth  of  human  mammary  epithelial  cells. 
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Provided  evidence  that  Src  overexpression  leads  to  a  shift  of  EGF  receptor 
from  the  cell  surface  to  an  intracellular  endocytic  pool  but  does  not  undergo 
degradation. 

Established  new  reagents  to  analyze  the  role  of  the  recycling  endosomal 
compartment  in  ErbB  receptor  signaling. 

Localized  the  endocytic  step  of  Cbl-mediated  EGFR  downregulation  to 
sorting  as  opposed  to  internalization. 

Reportable  Outcomes: 

Reagents: 

Generated  three  distinct  sets  of  mammary  epithelial  cells  (16A5,  76N-TERT 
and  M2-E6E7)  with  over-expression  of  EGFR,  ErbB2,  Src,  EGFR+Src  or 
ErbB2+Src. 

Generated  a  matching  pair  of  HPVE6  and  h-TERT  immortalized  derivatives 
of  an  additional  human  mammary  epithelial  cell  strain  8  IN. 

Established  EGFR-expressing  wildtype  and  Cbl-deficient  MEFs. 

Established  GFP  and  myc  epitope  tagged  EHD1-4  proteins,  their  dominant¬ 
negative  mutants  and  specific  antibodies  against  these  markers  of  the 
recycling  endosomal  compartment. 

Funding: 

Findings  from  research  carried  out  under  this  grant  formed  a  part  of  preliminary 
studies  for  the  following  grant  application  to  the  NIH:  ROl  CA 105489-01 
“Endosomal  ErbB  Receptor  and  Src  Signaling  in  Cancer”  (PI,  Hamid  Band);  approved 
for  funding  7/1/04  -  6/30/09  (Approved  budget,  $250,000  annual  direct  costs;  awarded 
budget  after  administrative  cuts,  $205,000  annual  direct  costs) 

Conclusions: 

In  conclusion,  we  have  established  that  co-overexpression  of  Src  in  human  mammary 
epithelial  cells,  mimicking  Src  and  ErbB  receptor  overexpression  in  breast  cancer,  in  human 
mammary  epithelial  cells  promotes  oncogenic  transformation.  Furthermore,  transfectants 
representing  both  basal  and  luminal  cells  with  over-expression  of  EGFR,  ErbB2,  Src,  EGFR  plus 
Src  or  ErbB2  plus  Src  together  with  the  appropriate  vector  control  cell  lines  have  been  generated 
to  test  the  idea  that  endosomal  signals  mediate  the  cooperative  oncogenesis  by  ErbB  receptors 
and  Src.  Support  through  this  grant  has  led  to  a  long  term  direction  towards  this  goal  that  is  now 
supported  by  the  NCI.  These  studies  are  likely  to  lead  to  major  new  insights  into  spatio-temporal 
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context  of  oncogenic  signaling  in  breast  cancer  by  two  eminent  families  of  tyrosine  kinases 
directly  linked  to  breast  cancer.  In  turn,  these  insights  should  be  of  importance  in  designing 
targeted  therapies  against  breast  cancers  where  ErbB  and  Src  signaling  plays  an  oncogenic  role. 

References: 
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Fig.  2.  Immunoblot  analysis  of  EGFR  in  16A5  transfectants.  The  indicated  mammary  epithelial  cell 
transfectants  or  the  parental  16A5  cell  lines  were  EGF  deprived  by  growth  in  EGF-deficient  D3  medium  for  48  h  as  in  Fig. 
1 ,  and  lysates  were  prepared  in  0.5%  Triton  X-1 00  lysis  buffer.  50pg  aliquots  of  cell  lysate  protein  were  run  on  an  8% 
SDS  PAGE  gel  and  immunoblotted  with  with  a  cocktail  of  anti-EGFR  antibodies  (Santa  Cruz  Biotech  ).  Note  the  equal 
levels  of  EGFR  in  16A5-EGFR  and  16A5-EGFR+Src  cell  lines. 
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medium  for  48  h  as  in  Fig.  1,  and  then  stimulated  with  EGF  (lOOng/ml)  for  the  indicated  times  (in  minutes)  and  lysates 
prepared  in  0.5%  Triton  X-100  lysis  buffer.  50pg  aliquots  of  cell  lysate  protein  were  run  on  an  8%  SDS  PAGE  gel  and 
immunoblotted  with  with  a  cocktail  of  anti-EGFR  antibodies  (Santa  Cruz  Biotech.).  Note  the  loss  of  EGFR  signals  over 
time  (indicative  of  degradation)  is  comparable  between  16A5-EGFR  and  16A5-Src+Src  cell  lines. 


Fig.  4.  Domain  structure  of  EHD  proteins  and  their  homology 
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the  right;  colocalization  is  indicated  by  the  similarity  of  the  green  and  red  signals  and  the  yellow  color  in  the  merged 
picture.  Fig.  5A  shows  colocalization  of  EHD1  and  transferrin. 


o 

U) 

v. 

CD 


o 

O) 

t- 

• 

0) 

2 

V  * 

t 

* 

hh  V 

4* 

<? 

1 • 

** 

.‘>4 

-V*  Vi 

#4  '♦ 

t  4  - 

£  * 

*■*  •**  4  > 

lo 

*1  \92ra^ 

r 

V 

1 

